ABSTRACT
Introduction
Although hyperbaric oxygen therapy is widely used in various contexts involving, especially, diseases related to phenomena of hypoxia, ischemia and reperfusion 1, 2 there is no scientific consensus on the subject; there are works in favor 3, 4 and unfavorable 5 to this association. This phenomenon is due, at least in part, to a lack of studies that explore the biochemical basis of this association 6, 7 , precisely the proposal of this work.
In order to determine whether exposure to hyperbaric oxygen therapy is harmful when applied before hepatic exposure to a process of ischemia and reperfusion, the analysis of mitochondrial swelling was adopted as a parameter of hepatic functional preservation because it is widely used in several literature works in this area 8, 9 . Malondialdehyde tissue level (MDA) was taken as parameters of hepatic lesion for it is a recognized marker of lipid peroxidation 10, 11 as well as serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) considered as indicators of hepatocellular integrity with an association between increased serum levels of these enzymes and acute hepatic damage [12] [13] [14] [15] .
Methods
Twenty four male Wistar rats weighing between 200 to 300g were divided into three groups: SHAM -mice submitted to surgical stress and anesthesia, without exposure to hyperbaric oxygen therapy (HBO) and without hepatic pedicle clamping, I / R -mice submitted to 30 min of liver ischemia by clamping the hepatic pedicle, followed by 5 min of reperfusion without HBO exposure; HBO120 -rats submitted to 120 min of HBO at two absolute atmospheres (ATA) and immediately underwent 30 min of ischemia followed by 5 min of reperfusion. The animals had free access to water and laboratory chow (Purina Nutrients Ltda.). The rats were kept inm the animal house of FMRP-USP at room temperature on 12-hour light-dark cycle according to the guidelines of the Ethics Committee for Animal Experimentation of FMRP-USP.
Operation technique
Surgical materials were clean and sterile. The animals were anesthetized with xylazine hydrochloride solution (20mg/ ml) and ketamine hydrochloride (50mg/ml) in a 1:2 ratio and applied 100mg/Kg. The anesthetic was applied in the right superficial gluteal muscle. The surgical procedure began with medial laparotomy which extended from the lower third of the xiphoid to the pubis. Next, exploration of the abdominal cavity, delicate dissection of the round ligament of the liver and identification of the hepatic pedicle was performed. Total hepatic pedicle clamping was carried out using a home-made clamp for 30 minutes. The rat was then subjected to 5 minutes of reperfusion.
The animal sacrifice was performed through total exsanguination by puncturing the inferior vena cava.
Hyperbaric oxygen therapy
The application of HBO was performed in a collective chamber (simultaneous exposure to four rats) (Sechrist model 2500 B) directly pressurized with oxygen. Each session lasted 120 min: 15 min for compression and 15 min for decompression inside the chamber therefore, the animals underwent 90 min of continuous HBO at 2 ATA. HBO exposure was performed at the same period of the day.
Mitochondrial swelling
Transition of the inner mitochondrial membrane permeability was determined spectrophotometrically, at 540 nm, by decreasing the optical density in medium containing 20 mM calcium and phosphate 1 mM 16 .
Tissue and systemic injury
Hepatic tissue injury was determined by measuring malondialdehyde levels in accordance with Ohkawa et al. 17 . The tissue and systemic injuries were determined through serum levels of the enzymes ALT, AST, respectively, through the kinetic method at 340 nm, as described by Henry et al.
18
.
Statistical analysis
The results presented were statistically analyzed by nonparametric Mann-Whitney test with significance level set at 5% (p<0.05). Statistical analyzes were performed with GraphPad Prisma 4.0 software (GraphPad Software Inc, Calif).
Results
Regarding the integrity preservation of the inner mitochondrial membrane, analyzed by mitochondrial swelling (Figure 1 ), a significant difference, p<0.05 between the I / R group and the other groups (SHAM and HBO120).
FIGURE 1 -Groups: SHAM (rats submitted to surgical stress without exposure to hyperbaric oxygen therapy -HBO -and without hepatic pedicle clamping, I / R (rats submitted to 30 min of ischemia followed by 5 min of reperfusion without HBO exposure) and HBO120 (rats submitted to 120 min of HBO at two absolute atmospheres and immediately underwent 30 min of ischemia followed by 5 min of reperfusion). p<0.05: SHAM vs I / R (p<0.05), I / R vs HBO120 (p<0.05).
Malondialdehyde tissue levels showed a significant difference, p<0.05, between groups: SHAM and I / R, SHAM and HBOI / R, I / R and HBOI / R ( Figure 2 ). FIGURE 2 -Groups: SHAM (rats submitted to surgical stress without exposure to hyperbaric oxygen therapy -HBO -and without hepatic pedicle clamping), I / R (rats submitted to 30 min of ischemia followed by 5 min of reperfusion without HBO exposure) and HBO120 (rats submitted to 120 min of HBO at two absolute atmospheres and immediately after submitted to 30 min of ischemia followed by 5 min of reperfusion). p<0.05: SHAM vs I / R (p<0.05); SHAM vs HBO120 (p<0.05), I / R vs HBO120 (p<0.05).
In relation to ALT serum levels there was significant difference (p<0.05) between I / R and SHAM group. AST serum levels showed no significant difference between the groups studied ( Figure 3 ). 
Discussion
Hepatic functional state can be characterized by determining the parameters of tissue mitochondrial permeability 8, 9 and the presence of malondialdehyde (MDA) 10, 11 , as well as systemic parameters such as ALT and AST enzymes serum levels 5, 13 .
Mitochondrial swelling can be analyzed by the transition of the mitochondrial inner membrane permeability induced by Ca+2 and phosphate. In this work, Figure 1 shows that I / R group had a smaller variation between the values of initial optical density and after calcium and phosphate induction. This suggests that the mitochondria of this group were already previously swollen by changes in mitochondrial inner membrane permeability probably by the action of reactive oxygen species, as evidenced by increased malondialdehyde tissue levels in this group. Studies in the literature show that oxidative stress induced by several factors, including ischemia / reperfusion causes rapid oxidation of the mitochondria antioxidant system (NADPH / GSH), which is accompanied by generation of reactive oxygen species, leading to a increased permeability transition of the inner mitochondrial membrane and consequently its depolarization 19, 20 .
The association between hyperbaric oxygen and ischemia / reperfusion (group HBO120) showed similar behavior to SHAM group, suggesting that these mitochondria were not previously swollen, which was demonstrated by the induction of calcium and phosphate in these mitochondria. This result leads us to conclude that hyperbaric oxygen exerts a protective effect on the liver exposed to ischemia and reperfusion 
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Acta Cirúrgica Brasileira -Vol. 28 (2) 2013 -129 peroxidation, showed significantly higher values in I / R compared to the SHAM group, Figure 2 . In HBO120 group, MDA values showed a significant difference compared to the SHAM group.
However, a significant decrease in the tissue amount of this metabolite in HBO120 group compared to I / R group (p<0.05) 20 was noted. It is suggested that the increase in MDA in the group undergoing oxygen therapy in relation to SHAM group may be due to exposure to hyperoxygenation, even with pre-conditioning effect. This pre-conditioning effect is due to the stimulus on the mitochondrial antioxidant system (NADPH / GSH), shown by the decrease levels compared to I / R group.
In relation to ALT serum levels, Figure 3 , it was observed, in accordance to other studies in the literature 12, [13] [14] [15] [16] [17] [18] [19] [20] [21] , an increase in I / R group in relation to SHAM group. It was noticed also that the association HBO and ischemia and reperfusion is positive in the preservation of hepatic cell integrity as it approximates the values of ALT to SHAM group.
In our study we observed no changes between the groups in relation to AST variable, Figure 3 , as observed by other authors 8 .
We attribute this discrepancy to variations in experimental protocol as well as different organic responses between animals exposed to the same ischemic / reperfusion stressor stimulus.
There are several studies that support the role of hyperbaric oxygen therapy in the promotion of increased tissue pressure of oxygen gas [22] [23] [24] which would promote the preservation of tissue ATP reserves, thus reducing the ischemic injury during the injury process by ischemia and reperfusion. This reasoning justifies the benefit of hyperbaric oxygen therapy use in an ischemic process However, considering that oxygen is the main biological precursor of oxidative stress, would a hyperoxia state not exacerbate the injury observed in a hepatic ischemia and reperfusion process?
Based on these results, it is understood that the preservation of the inner mitochondrial membrane integrity, under hyperoxia conditions due to preconditioning effect, suggesting that stimulation of the antioxidant system of mitochondria, which protects the lipoperoxidation. This process, which is normally understood as being slow and gradual, in this study may have occurred quickly in order to protect hepatic tissue in adverse conditions. In this line, there is experimental work where the hyperbaric oxygen therapy is applied after tissue exposure to ischemia / reperfusion process 25 .
Studies in this direction deserve to be developed in oxygen therapy with oxidants and antioxidants markers.
Based on these results, it is understood that nonexacerbation of tissue lesion is due to oxygen consumption proportional to cellular energetic metabolic demand for maintenance of homeostasis between formation / consumption of ATP reserves. In a surgical situation, theoretically, the ATP consumption corresponds to basal levels of cell function maintenance, and therefore on the availability of reagents for ATP formation the energy balance situation would not change. Over time and increased exposure to process of ischemia and concomitant depletion of reserves for ATP formation, an imbalance between formation / consumption of ATP would occur, triggering a biochemical cascade of ischemic / reperfusion lesion. Therefore, this study leads us to believe that the balance between these variables, in such protocol, is enough for the results shown.
More studies in this area are needed to better understand the mechanisms of action and therefore the side effects of the hyperbaric oxygen therapy and hepatic ischemia and reperfusion association.
Conclusion
The combination of hyperbaric oxygen therapy and hepatic ischemia and reperfusion is positive to promote improvement of the hepatic functional state without evidence of increased local or systemic injury.
